Background: Irritable bowel syndrome (IBS) can be responsible for alteration in quality of life and economic burden. The aim of this study was to evaluate healthcare use related to this disorder in France. Methods: The French health data system was used to select adults covered by the general health scheme (87% of population) through their first IBS hospitalization in 2015. We studied the healthcare refunded during the previous 5 years, 1 year before and after hospitalization. Results: Among 43.7 million adults who used refunded healthcare in 2015, 29,509 patients were identified (0.07, 33% males, 67% females, mean age 52 years, 30% admitted through emergency room). During their hospitalization, 33% had upper endoscopy and 64% colonoscopy. Over the five previous years, 3% had at least one hospitalization with an IBS diagnosis, 58% had abdominal ultrasonography, 27% CT scan, 21% upper endoscopy, 13% colonoscopy and 83% a gastroenterologist visit. The year before, these rates were respectively: 0, 36, 16, 6, 4 and 78%. Some of those rates decreased the year after the hospitalization with respectively: 1, 27, 13, 5, 4 and 19%. The year before, 65% had at least one CRP dosage (13% three or more), 58% a TSH dosage (7%) and 8% a test for coeliac diseases (1%) and the year after: 44% (8%), 43% (5%) and 3% (0.3%). At least one refund of a drug used to treat IBS was found for 85% of patients 5 years before, 65% one year before and 51% one year after. Conclusion: This first study using French health data system for healthcare consumption assessment in IBS points out the repetition of outpatient visits, examinations and in particular radiological examinations, without a strong decrease after hospitalization for IBS and gastroenterologist visit.
Background
Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal (GI) disorder characterised by abdominal pain and altered bowel habit [1, 2] The prevalence of IBS in adults is high, estimated by a meta-analysis to be 12% in North America, 21% in South America and 7% in Southeast Asia [3] [4] [5] [6] . In France, a recent web-based survey reported a prevalence of IBS of 10% of adults [6, 7] . Various subtypes have been described based on the predominant stool pattern, including IBS with constipation (IBS-C), IBS with diarrhoea (IBS-D), and IBS with mixed bowel patterns of both constipation and diarrhoea (IBS-M) according to the new Rome IV criteria [1] .
While IBS is considered to be a benign disease usually not associated with any excess mortality, it can have an impact on quality of life and healthcare use, which can be explained by various factors [8] [9] [10] [11] [12] [13] [14] [15] . First, the pathophysiology of IBS is complex involving multiple peripheral and central mechanisms that explain the globally limited efficacy of treatments in this heterogeneous disease [2] . Secondly, no diagnostic test is currently available and all examinations performed in the context of IBS are designed to eliminate other diagnoses [2] . Taken together, all of these factors can explain the unfulfilled expectations of many patients, who repeatedly consult various physicians (medical nomadism) and try various treatments in an attempt to improve their condition [10, 11] . The severity of the disease varies from patient to patient, but about 20-25% of patients have severe IBS and these patients account for the maximum use of healthcare resources. Treatment failure also has an economic impact [4, 9, 16, 17] . These patients therefore present high consumption of healthcare resources, and the economic burden of direct and indirect costs has been extensively studied and has been estimated to be similar to that of other chronic diseases such as hypertension in the USA [16] [17] [18] [19] . In France, the most recent data are derived from a 2003 study, in which the average cost was about €750 per patient per year with an average of 3.2 days of sick leave [7] .
Studies on healthcare use of patients with IBS and their costs have mainly been based on population samples, practitioners, existing cohort studies or claims data in outpatient groups selected by ICD 9 codes or drugs indicated for IBS. Determining the nationwide characteristics of IBS patients and their healthcare utilisation constitutes an important step towards a better understanding of the public health impact of this disease and how IBS patients are treated.
We conducted a nationwide observational populationbased study using the French National Health data System (Système National des Données de Santé SNDS) to estimate the utilisation of healthcare resources 5 years before and one year after hospitalisation with a diagnosis of IBS in 2015.
Methods

Data sources and population
The SNDS database comprehensively and individually records all outpatient prescriptions and healthcare procedures reimbursed to beneficiaries of the various French health schemes [20] . An anonymous and unique identification number for each beneficiary allows this information to be linked to the data collected by the National hospital discharge database (Programme de médicalisation des systèmes d'information PMSI) during hospital stays in the various types of public and private healthcare institutions in France. Hospital diagnoses are coded according to the International Classification of Diseases 10th edition (ICD-10), in the same way as the diagnoses allowing attribution of LTD status. Attribution of long-term disease (LTD) status for a severe and costly chronic disease is also recorded. LTD status is validated by a national health insurance physician at the request of the attending physician, allowing exemption of copayment, and can provide information about the nature of the diseases treated. The national health insurance general health scheme and local mutualist sections (students, civil servants, etc) covered about 87% of the 66 million inhabitants of France in 2015. The Mutualité Sociale Agricole (agricultural workers' health insurance fund) and the Régime Social des Indépendants (self-employed health insurance fund) each cover 5% of the population, and the remaining 4% are covered by other schemes. The population of the present study was therefore composed of general health scheme beneficiaries (18 years or over), including local mutualist sections (58 million inhabitants) with at least one annual healthcare reimbursement (for any form of healthcare) per year during the study period.
Because of the possible similarity of symptoms, people with inflammatory bowel disease and/or colon cancer were excluded by using their LTD ICD-10 codes or hospitalisation diagnosis during the study period. IBS cases in 2015 were selected using hospital discharge principal diagnoses to identify individuals discharged from hospital at least once: ICD-10 codes K58.0: Irritable bowel syndrome with diarrhoea and K58.9: Irritable bowel syndrome without diarrhoea.
Data analysis
The presence of the intestinal and extra-intestinal comorbidities commonly associated with IBS were investigated by using hospital principal diagnosis. Healthcare procedures, examinations, visits, medication, and hospitalisation rates were calculated by including people with at least one reimbursement during 2015, and during the 5 years before or the year after hospitalisation. Data are expressed as mean ± standard deviation (SD). Reimbursement rates (0, 1, 2, 3 or more or one or more) one year before and one year after hospitalisation were compared using McNemar's test for paired nominal data.
All analyses were performed with SAS Enterprise Guide software (version 7.1, SAS Institute Inc., Cary, NC, USA). Specific ethics committee approval was not required for this study. The CNAM (Caisse nationale d'assurance maladie) has permanent access to the SNDS database approved by decree and the French data protection authority (Commission Nationale de l'Informatique et des Libertés).
Results
Patient characteristics
The study was based on 43,675,462 adults (44.9% males and 55.1% females), including 29,509 patients with at least one hospital principal diagnosis ICD-10 code for IBS in 2015: 9821 males (33%) and 1688 females (67%); 0.07, 0.05 and 0.08% of the initial population, respectively. A specific IBS-D ICD-10 diagnosis code was identified for 10,995 (37.3%) of these patients. Sixty-five per cent of patients with a K58.0 code and 68% of patients with a K58.9 code were female. The mean age of all IBS patients was 52.1 years (SD ±16.3 (men: 51.5 years SD ± 15.9 and women 52.4 years SD ±16.5), 10.7% were younger than 30 years and 8.5% of patients were 75 years or older. Patients with IBS-D were younger than patients with IBS without diarrhoea (49.5 years: SD ±18.0 vs 53.7 years SD ±15.1); the age distribution of IBS ICD-10 diagnosis by gender is shown in Fig. 1 .
Inpatient admission
Admission via an emergency room was identified for 30% of the patients included (40% for patients aged 18-39 years and 44% for patients 75 years or older) ( Table 1 ). The overall mean length of hospital stay (LOS) in 2015 was 1.4 days (SD ±1.97), and was highest for people 75 years or older and the mean number of hospital stays for a diagnosis of IBS in 2015 was 1.03 (SD ±0.18). Over the five years before inclusion in 2015, 3% of patients were hospitalised at least once for IBS, 0.3% were hospitalised at least once during the year before the index hospitalisation with a significant increase to 1.1% during the year after the index hospitalisation for all age groups ( Table 2 ). Alldiagnosis hospitalisation rates were 65% five years before the index hospitalisation, 26% one year before the index hospitalisation and 27% during the year after the index hospitalisation, also corresponding to a significant increase. The most common GI hospital diagnoses other than IBS during the five years before the index hospitalisation were abdominal and pelvic pain (5%), gastritis and duodenitis (4%), disorders of gallbladder and biliary tract (3%), and gastroesophageal reflux disease (2%). As if was not the case for IBS hospitalisation diagnosis, most of these hospitalisation rates decreased significantly one year after hospitalisation of IBS compared to one year before.
Endoscopic and radiological examinations
The main examinations performed during the hospital stay selected for IBS diagnosis in 2015 were upper GI endoscopy (33%), performed more frequently among younger patients (18-39 years, 41%), and colonoscopy (64%, relatively stable across age groups) comprising polyp removal in 4% of patients (1.7% under the age of 40 years, 3.9% between 40 and 59 years and 5.0% between 60 and 74 years (Table 3 ). Less than 1% of patients underwent other radiological examination such as ultrasound (0.7%), CT scan (0.4%) or MRI (0%).
During the five years before hospitalisation, 21% of patients had undergone at least one upper GI endoscopy (1% three or more) and 13% had undergone colonoscopy (1% two or more). During the year before and the year after hospitalisation, these rates were 7 and 5% for upper GI endoscopy and 4 and 4% for colonoscopy, respectively. The following examinations were also performed during the year before the diagnosis of IBS: anorectal manometry in 0.2%; defecography in 0.1%; endoscopic ultrasonography in 0.1%. After hospitalisation, these rates were higher for older people (75 years or older: 9 and 12%, respectively). At least one abdominal ultrasound was performed for 58% of people over the five years before, 36% one year before and 27% one year after hospitalisation, while CT scan was performed in 27, 15 and 13% of patients, and MRI was performed in 8, 4 and 3% of patients, respectively. One year before hospitalisation, some patients underwent repeated examinations, such as abdominal ultrasound (12% of patients had undergone 3 or more abdominal ultrasound examinations during the five years before hospitalisation), abdominal and pelvic CT scan (4%), and upper GI endoscopy (1.4%).
Laboratory tests
The proportion of patients with at least one complete blood count between one year before hospitalisation (86%) decreased significantly compared to one year after hospitalisation (64%) ( Table 4 ). The proportion of patients with CRP also decreased significantly (65% vs 44%). At least one TSH assay was identified for 83% of individuals during the five years before hospitalisation, 58% of patients one year before hospitalisation and 43% of patients one year after hospitalisation. During the five years before hospitalisation, 45% of patients had three or more TSH assays. Serological tests for coeliac disease were performed in 11, 8% (19% for 18-39 years-old) and 3% of patients, respectively. Stools samples for ova and parasites were performed for 15, 10, and 2% of patients, respectively.
Medications
At least one reimbursement for drugs used to treat functional GI disorders was identified for 85% of patients 5 years before hospitalisation, 65% of patients one year before hospitalisation and 51% of patients one year after hospitalisation ( Table 5 ). The decreased rate of reimbursement for these drugs between one year before hospitalisation and after hospitalisation concerned all age groups, but mainly concerned the "drugs for functional disorders" subgroup. Laxatives were commonly used (one reimbursement was identified for 95% of patients during the five years before hospitalisation, 92% of patients one year before hospitalisation and 89% of patients one year after hospitalisation). The most commonly used subclass was "osmotically acting laxatives". The most marked decrease in drug use was observed for "Antidiarrheals, intestinal antiinflammatory/antiinfective agents" with 49, 25, and 18% of individuals with at least one reimbursement, respectively.
Outpatient visits
During the year preceding hospitalisation, 96% of IBS patients, regardless of age, had seen their GP more than once and 84% had seen their GP at least 3 times, while 78% of patients had seen a gastroenterologist (only twothirds of patients 75 years or older) ( Table 6 ). Nevertheless, during the five years before hospitalisation, 82% of patients had seen a gastroenterologist at least once and 16% had seen a gastroenterologist at least three times. These frequencies decreased during the year after hospitalisation with 19% of patients with at least one visit and 3% of patients with at least three visits. At least three visits to specialists, including gastroenterologists, were identified for 37% of patients during the year before and 28% of patients during the year after hospitalisation. About 10% of patients consulted a psychiatrist at least once during the year before or after the index hospitalisation.
Discussion
Constitution of a large cohort of patients from SNDS data, studied 5 years before and one year after the index hospitalisation, allowed description of the high level of IBS-related healthcare use in France, comprising the use of various drugs, and numerous consultations and examinations. This national observational study using the French reimbursement database included almost 30,000 patients with at least hospitalisation principal diagnosis ICD-10 code for IBS in 2015. This study is the largest study to be conducted in France in terms of the number of patients included and is also one of the largest studies to be published in literature. In France, only LTD codes are recorded for each healthcare use, while only primary or secondary diagnosis codes are recorded during a hospitalisation functional disorders like IBS. It must be noted the difficulty of confidently asserting IBS diagnosis for physicians in front of a patient with digestive symptoms, even for gastroenterologists after a normal colonoscopy [21] . However, underestimation of the prevalence of IBS has also been described in an English study based on codes for the reasons for general practice visits [22] . Patients included in our study presented similar sociodemographic characteristics, with a mean age of about 50 years and two-thirds of women, to those of other studies on IBS performed in France and in other countries [7, 23] . Although the proportion of patients with the various subtypes according to bowel habit cannot be clearly defined on the basis of ICD-10 codes, as there is no code for IBS-C or IBS-M, one-third of patients presented an IBS-D pattern, which is consistent with the results of other published large populationbased studies [4, 24] . The primary objective of this study was to define healthcare consumption of IBS patients not only based on patient reports but on real reimbursement data. One strength of this study is that the use of SNDS database allowed healthcare consumption to be studied over a period of 7 years, 5 years before and one year after the hospitalisation in 2015, providing a dynamic perspective. Interestingly, 3% of these IBS patients had been previously hospitalised for IBS management during the 5 years before the index hospitalisation and 1% were hospitalised during the year after the index hospitalisation. Thirty percent of patients were admitted via the emergency room, a much higher percentage than the 2 to 5% usually reported in North America and Europe [3] . The most common reasons for hospitalisation during the five years before the index hospitalisation were also digestive disorders, particularly abdominal pain in 5% of cases. The severity of symptoms, particularly abdominal pain, has been previously described; in general practice in England, pain is the most common symptom one year before IBS diagnosis and, in the US, pain is the leading excluding drugs indicated for purge in a context of colonoscopy preparation *P < 0.0001 for distribution comparisons between "all −1 year" vs "all 1 year" symptom in both the ambulatory setting and in the emergency room [12, 22] . In another study, the severity and duration of pain were the most important factors for healthcare seeking [22, 25] . During the five years before the index hospitalisations, patients had also been hospitalised for various digestive disorders other from IBS, which could represent differential diagnoses (colonic diverticulosis, appendicitis, gallbladder disorders), as previously reported [13, 26] . These hospitalisations could also reflect a high rate of comorbidities among IBS patients, as reported by other authors during 8-year follow-up of IBS patients compared to controls [27] . However, hospitalisations were less frequent during the year after the diagnosis of IBS. Outpatient visits were frequent and concerned primary care physicians (GP) for almost all patients. About 80% of patients saw their GP more than 3 times a year before the diagnosis of IBS. A slight decrease in the number of repeated visits to the general practitioner was observed after the diagnosis of IBS, but the number of visits remained relatively constant over the 7-year follow-up period with more than 80% of patients having more than 3 GP visits per year. The number of GP visits may depend on the healthcare system and reimbursement rules, as the number of visits observed in this study is higher than that observed in less favourable reimbursement systems: only one-half of US patients visit a primary care physician each year with an average of two to three visits [3] . Patients also frequently consulted a gastroenterologist before the diagnosis (about 80% of patients during the previous years), but with fewer repeated visits. This percentage was higher than the 50% of gastroenterologist visits observed during the 2 years around the diagnosis of IBS in the USA [23] . However, in our study after hospitalisation and diagnosis of IBS, the number of visits decreased, especially gastroenterologist visits that fell to less than 25%. It should be noted that 14% of patients during the previous 5 years and 10% of patients during the year after hospitalisation consulted a psychiatrist, and about one third of patients took antidepressant or anxiolytics reflecting the well-known prevalence of anxiety and depression, at least in a subgroup of IBS patients, which also constitutes an important healthcare seeking factor in some studies [28] [29] [30] .
This study identified the examinations performed as part of the management of IBS in France. The examination most commonly performed was colonoscopy, in more than two-thirds of patients, regardless of their age (below or above 50 years). This percentage is higher than the European average of 30% and the 45% rate observed in the USA, where it now represents a small proportion of indications for colonoscopy [3, 23, 31, 32] . One-third of patients also underwent upper GI endoscopy. Radiological examinations were performed in a large number of cases, especially before the diagnosis of IBS: abdominal ultrasound in 58% and CT scan in 25% of patients, but also sometimes after the diagnosis, reflecting the patients' concern in the absence of reassurance even after a normal colonoscopy, but also the ease of medical nomadism in France compared to other countries such as Great Britain. However, similar percentages of radiological examinations were recently described in the US [23, 33] . The laboratory tests most commonly performed in 2015 (TSH, CRP, serum test for coeliac disease) mostly complied with the recommended assessment to eliminate differential diagnoses, particularly in the case of IBS-D or IBS-M, but they were repeated too frequently before or even after the diagnosis. This large number of examinations may also reflect the degree of confidence of the physician in the positive diagnosis or exclusion diagnosis of IBS, as commonly described for primary physicians and non-gastroenterologists [21] . Almost all patients received at least one drug prescription during the 7-year follow-up, either before or after the diagnosis of IBS. The treatments most commonly prescribed were laxatives, particularly osmotically acting laxatives and antispasmodics, with little change in these therapeutic classes after the diagnosis of IBS. This percentage of 95% laxative use is somewhat surprising, as one-third of ICD-10 codes corresponded to IBS-D. This high percentage could be explained by the frequent practice of general practitioners and even gastroenterologists to classify diarrhoea as "spurious diarrhoea" associated with constipation but mainly because in about half of them it corresponded to a purge in a context of colonoscopy preparation.
Societal cost may represent a large share of the disease burden. This patient population with IBS presented a large number of sick leaves, as 42% of patients between the ages of 18 and 39 years and 35% of patients between the ages of 40 and 59 years had at least one sick leave, although no information was available concerning the reason for sick leave. Similar percentages have also been reported in the UK [34] .
Strengths and limitations
The main strengths of this study concern the use of the SNDS population database comprising almost 84% of all drug dispensing data in 2015. This study provides an overview of healthcare consumption for IBS in France, but did not evaluate possible disparities between various regions of France, as recently reported in the USA [23] . Due to the nature of this study, healthcare use cannot be analysed according to disease severity, which constitutes a major predictive factor [35] . Some of the results of this first analysis of SNDS data must be interpreted cautiously, as people not included in this study and covered by other health insurance schemes could present different age structures and characteristics, exposures and healthcare use. Apart from the classical limitations of this type of claims database, certain events may have been underestimated, especially hospital radiological examinations and laboratory tests, which cannot be identified or OTC drugs or alternative therapies not present in the SNDS.
Conclusions
This first study using SNDS to assess healthcare consumption in IBS highlights value of large claims databases including diseases to study healthcare use based on reimbursement data. This study reveals a number of healthcare expenditures that may not be necessarily warranted, such as the large number of repeated outpatient visits, examinations and particularly radiological examinations, and numerous and urgent hospitalisations, which can be partly explained by the difficult patienthealthcare provider relationship in IBS that can increases healthcare seeking. Altogether, these data encourage the publication of physician guidelines by national learned societies and the development of therapeutic education in IBS to ensure more cost-effective management. 
